The City of St. Marks would like to explore the feasibility for installing ground-mounted PV. Two sites located at the former St. Marks Refinery were considered in this study, and both were found suitable to incorporate PV systems. The economics of the potential systems were analyzed using an electric rate of $0.08/kWh and incentives offered in the State of Florida and from the two accessible utilities, Progress Energy and the City of Tallahassee. Currently there are no incentives offered for commercial-size solar power systems in Wakulla County, Florida, or from the nearby utilities. The calculations reflect the solar potential if the total area is utilized from both of the sites that were visited. Table ES-1 summarizes the system performance and economics of a potential system that would use both available areas that were surveyed in St. Marks. Table ES-1 also summarizes job creation if the St. Marks location were used for PV. 
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Study Location
The City of St. Marks, Florida, is the former site of the St. Marks Refinery, which specialized in manufacturing and refining crude oil into jet fuel and asphalt. The facility closed in 2001, leaving the site vacant and contaminated. The remediation of the site started in 2004 with the removal of all infrastructure except for 10 above-ground storage tanks. It is anticipated that four of the tanks will be removed this spring, leaving six tanks that will need to be removed upon the implementation of a redevelopment plan. After the removal of infrastructure, the site was cleaned using in-situ and ex-situ methods, leaving the site available for commercial or industrial redevelopment with strict ground disturbance restrictions. At this time, no more remediation is planned for the site. The site is located on the main road into St. Marks near the river. The site has electrical service to the buildings and to the storage tanks. The site has been designated as a brownfield site by the Environmental Protection Agency (EPA). The property was recently turned over to the city of St. Marks at no cost by the St. Marks Refinery. The site is discussed in Section 3 of the report. An additional site, the "Recently Closed North Site," was included in the analysis due to the possibility that the site would become vacant in the near future. This site is a good candidate for other redevelopment but was included in the analysis due to the proximity to the main site. 
PV Systems
Solar photovoltaics (PV) are semiconductor devices that convert sunlight directly into electricity. They do so without any moving parts and without generating any noise or pollution. They must be mounted in an unshaded location; rooftops, carports, and ground-mounted arrays are common mounting locations. PV systems work very well in St. Marks, Florida, where the average global horizontal annual solar resource is between 4.1-6.15 kWh/m 2 /day. This number, however, is not the amount of energy that can be produced by a PV panel. The amount of energy produced by a panel depends on several factors. These factors include the type of collector, the tilt and azimuth of the collector, the temperature, and the level of sunlight and weather conditions. An inverter is required to convert the direct current (DC) to alternating current (AC) of the desired voltage compatible with building and utility power systems. The balance of the system consists of conductors/conduit, switches, disconnects, and fuses. Grid-connected PV systems feed power into the facility's electrical system and do not include batteries. Figure 1 shows the major components of a grid-connected PV system and illustrates how these components are interconnected. Credit: NREL PV panels are made up of many individual cells that all produce a small amount of current and voltage. These individual cells are connected in series to produce a larger current. PV panels are very sensitive to shading. When shade falls on a panel, that portion of the panel is no longer able to collect the high-energy beam radiation from the sun. If an individual cell is shaded, it will act as a resistance to the whole series circuit, impeding current flow and dissipating power rather than producing it. By determining solar access-the unimpeded ability of sunlight to reach a solar collector-one can determine whether an area is appropriate for solar panels.
For this assessment, the National Renewable Energy Laboratory (NREL) team used a Solmetric™ solar path calculator to assess shading at a particular location by analyzing the sky view where the solar panel will be located. If a site is found to have good potential for a PV system, then the next step is to determine the size of that system, which highly depends on the average energy use of the on-site facilities. Providing more power than a site would use is generally not advisable due to the economics of most net-metering agreements. In the case of the assessed sites, all of the electricity generated at the sites would be sold to one of the nearby utilities because there is no electrical load. The system size would thus be determined by the amount of electricity the electric company would be willing to purchase or by how much land area is available. For the purposes of this report, the NREL assessment team assumed that the utilities would purchase any electricity that the site can generate. The systems will be broken down by site so the system size can be adjusted based on what the utility requests.
Types of PV Systems
Ground-mounted Systems
On a $/DC-Watt basis, ground-mounted PV systems are usually the lowest cost option to install. Several PV panel and mounting options are available, each having different benefits for different ground conditions. For the purposes of this analysis, all fixed-tilt systems were assumed to be mounted at latitude with a tilt of 30.4 degrees. To get the most out of the available ground area, considering whether the site layout can be improved to better incorporate a solar system is important. If unused structures, fences, or electrical poles can be removed, the unshaded area can be increased to incorporate more PV panels. When considering a ground-mounted system, an electrical tie-in location should be identified to determine how the energy will be fed back into the grid. For this report, only fixed-tilt ground-mounted systems and single-axis tracking systems were considered.
Fixed-tilt systems are installed at a specified tilt and are fixed at that tilt for the life of the system. Single-axis tracking systems have a fixed tilt on one axis and a variable tilt on the other axis. The system is designed to follow the sun in its path through the sky. This allows the solar radiation to strike the panel at an optimum angle for a larger part of the day than can be achieved with a fixed-tilt system. A single-axis tracking system can collect nearly 30% more electricity per capacity than can a fixed-tilt tracking system. The drawbacks include increased operation and maintenance (O&M) costs, less capacity per unit area (DC-Watt/ft 2 ), and greater installed cost ($/DC-Watt).
Roof-mounted Systems
In many cases, a roof is the best location for a PV system. Roof-mounted PV systems are usually more expensive than ground-mounted systems, but a roof is a convenient location because it is out of the way and usually unshaded. Large areas with minimal rooftop equipment are preferred, but equipment can sometimes be worked around if necessary. If a building has a sloped roof, a typical flush-mounted crystalline silicon panel can achieve power densities on the order of 11 DC-Watt/ft 2 . For buildings with flat roofs, rack-mounted systems can achieve power densities on the order of 8 DC-Watt/ft 2 with a crystalline silicon panel.
Typically, PV systems are installed on roofs that either are less than five years old or have over 30 years left before replacement. Because no roof area is available on the sites studied, no roofmounted analysis was conducted.
PV System Components
The PV system considered here has these components:
• PV arrays, which convert light energy to DC electricity
• Inverters, which convert DC to AC and provide important safety, monitoring, and control functions
• Various wiring, mounting hardware, and combiner boxes
• Monitoring equipment
PV Array
The primary component of a PV system, the PV array, converts sunlight to electrical energy; all other components simply condition or control energy use. Most PV arrays consist of interconnected PV modules that range in size from 50 peak DC-Watts to 300 peak DC-Watts. Peak watts are the rated output of PV modules at standard operating conditions of 25°C (77°F) and insolation of 1,000 watts/m². Because these standard operating conditions are nearly ideal, the actual output will be less under typical environmental conditions. PV modules are the most reliable components in any PV system. subjects modules to impacts from one-inch hail balls at terminal velocity (55 mph) at various parts of the module. PV modules have a life expectancy of 20-30 years, and manufacturers warranty them against excessive power degradation for 25 years. The array is usually the most expensive component of a PV system; it http://www.astm.org/Standards/E1038.htm. Accessed August 2010.
accounts for approximately two-thirds of the cost of a grid-connected system. A large choice of PV manufacturers is available.
2 Inverters PV arrays provide DC power at a voltage that depends on the configuration of the array. This power is converted to AC at the required voltage and number of phases by the inverter. Inverters enable the operation of commonly used equipment such as appliances, computers, office equipment, and motors. Current inverter technology provides true sine wave power at a quality often better than that of the serving utility. The locations of both the inverter and the balance of the system equipment are important. Inverters are available that include most or all of the control systems required for operation, including some metering and data-logging capability. Inverters must provide several operational and safety functions for interconnection with the utility system. 
Operation and Maintenance (O&M)
The PV panels come with a 25-year performance warranty. The inverters, which come standard with a 5-or 10-year warranty (extended warranties available), would be expected to last 10-15 years. System performance should be verified on a vendor-provided Web site. Wire and rack connections should be checked. For this economic analysis, an annual O&M cost of 0.17% of the total installed cost is used based on O&M costs of other fixed-tilt grid-tied PV systems. For the case of single-axis tracking, an annual O&M cost of 0.35% of the total installed cost is used based on O&M costs of existing single-axis tracking systems.
PV Size and Performance
The PV arrays must be installed in unshaded locations on the ground or on building roofs that have an expected life of at least 25 years. The predicted array performance was found using PVWATTS, a performance calculator for grid-connected PV systems created by NREL's Renewable Resource Data Center. revenue that could be expected each year. The project economics were based on this analysis, and the calculations can be found in Appendix A.
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PV Site Locations
This section summarizes the findings of the NREL solar assessment site visit on January 28, 2010.
St. Marks Refinery
This site is environmentally contaminated and, according to the onsite staff, cannot be used again for any sort of residential development. There is the potential for industrial redevelopment, however, on parts of the site. The site has had extensive remediation resulting in a partial cap and water containment infrastructure. The site is a total of 55 acres, with the useful solar area a total of 17 acres, calculated by taking measurements of the site using Google Earth. There is a significant portion of the site that is covered in forest and wetland. In order for the full 17 acres to be usable, the eastern half of the site would need to be drained. At the time of the site visit there was water approximately 4 feet deep on the east end of the site. If none of the water from the site can be drained, only 50% of the 17 acres would be acceptable for a solar array, leaving only 8.5 acres available. See Figure 2 for an image of the submerged area. The State of Florida is currently unwilling to do any additional remediation on the site, but the site staff is investigating the feasibility of releasing the water. The water level on the site is controlled by a gate on the eastern berm, but the water cannot be lowered without proper authorization. The site has plans to remove the four westernmost tanks and the filling stations during the summer of 2010. The remaining tanks will need to be removed as part of the implementation of the solar system. The buildings on the western side of the site are not included in the site area. The site has excellent sky exposure, with the only shading coming from the forested area on the east, some shading from the buildings on the west, and some shading in the northern areas due to the forest and the jagged property line. The site was well kept and mowed at the time of the site visit. The forest on the north and west sides is a mature forest with trees in the range of 50-70 feet tall. The site has electrical tie-ins at the building site on the west side of the site and also in the southwest corner of the site where the large storage tanks were connected to the grid. The connections in the southwest corner were high voltage connections that were formerly used for industrial equipment. Across the road from the site is a power plant that would possibly accept the power from the system. See Figure 4 for two of the possible electrical connection points. This site needs to have a ballast-mounted system implemented on a portion of the site due to the cap that was installed during the remediation of the site. A ballast-mounted system is preferred in order to avoid any ground penetrations. Ballasted systems are placed on top of the ground and held in place by adding weight to the mounting frame. This is different than traditional mounting systems which require anchors to be put in the ground, potentially disturbing the cap. Some uncapped portions of the site would not require ballasted mounts. According to a site map that identifies the capped areas, 1.7 acres of the site would require ballasted mounts. This site map can be found in the Calculation Appendices in Figure A 
Solar Access Measurements
The PV system placement and area calculation are based on solar access measurements that were taken on the site. This was accomplished by taking solar measurements around the perimeter of the site to determine if there were any obstructions that would shade out any portions of the site. The portions of the site that were found to be shaded for a significant portion of the year were eliminated from the usable site area. Two of the measurements are located in Figure 6 and 
Entire Site Options
Options for different system types that utilize the entire site are listed in Table 2 and assume that all of the water on the site will be drained. The three lines listed in the table are three different styles of solar systems that have different characteristics. Each of the lines is a standalone system that is sized to utilize the entire available site area. The site staff is in the process of having the water on the site tested to determine contamination levels. If the test results show that the water can be drained from the site, the majority of the site will have the potential to be used for a PV system. There is a water level adjustment gate in the northwest corner of the site that could be used to lower the water level. According to Florida state law, utilities are required to allow interconnection to their electrical grid for systems 2 MW and below. The total system size for the fixed-tilt crystalline silicon system that would utilize all available area at the St. Marks Refinery site may exceed this limit. This would require the utility to agree to exceed the 2 MW interconnection limit. In order to gain this approval, it would be beneficial to begin conversations with the utility early.
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Once the shaded areas were removed from consideration, it was assumed that 90% of the remaining area would be usable for a PV system. This results in remaining usable area of 667,400 ft 2 (15.3 acres). Partial Site Options Draining all the water on the site may not be possible, but draining a portion of the water may be an option. If the water level cannot be drained completely, it would be beneficial to lower the water level slightly, which would allow several acres on the west end of the containment pond to become dry and suitable for solar installation. This would still allow for a holding pond on the far east side of the site. This configuration could allow for the objectives of the PV system to be satisfied while at the same time making sure that contaminated water does not enter the St.
Marks river. Figure 8 shows the area assuming partial water drainage, which would increase the usable area to 13 acres. See Table 3 for a summary of the different system types that could be implemented using the partially drained site. 
Recently Closed North Site
There is another site just north of the St. Marks Refinery site that will potentially be turned over to the City of St. Marks in the near future. This site has a significant amount of infrastructure currently on the site that is spaced out evenly across the site. Without the removal of this infrastructure, there is very little space available for a solar array. The site is surrounded by forest that ranges from 50-100 feet tall that shades a large strip of land around the edge of the site. The storage tanks in the middle of the site are also tall, shading out a large portion of the center of the site. The only unshaded area on the site is in the northwest corner. The onsite staff said that this site is not heavily contaminated and could potentially be redeveloped. Business redevelopment would be preferable over developing the site for a solar array, given the extensive infrastructure removal that would need to take place in order to prepare the site for solar. If all infrastructure was removed from the site, there would be 3.5 acres available for a solar array. This excludes the areas along the perimeter of the site that would be shaded by the surrounding forest. There is a potential electrical connection near the middle of the site, allowing for a convenient electrical tie-in.
*Proposed system location is shaded in the figure. gold in Figure 9 . Recommended PV system placement on recently closed north site
Credit: Google Earth
Once the shaded areas were removed from consideration, it was assumed that 90% of the remaining area would be usable for a PV system. This results in a remaining usable area of 137,565 ft 2 (3.2 acres). 
Summary of All Sites
Both sites that were visited were found suitable to incorporate PV systems. The economics of the potential systems were analyzed using an electric rate of $0.08/kWh and the 30% federal investment tax credit (ITC). Incentives that are offered in the State of Florida and from the two accessible utilities, Progress Energy and the City of Tallahassee, were also investigated.
Currently there are no incentives offered for commercial-size solar power systems in Wakulla County, Florida, or from the nearby utilities. The only incentive that could potentially be captured is the 30% federal ITC. The calculations reflect the solar potential if the total area is utilized from both of the sites that were visited. The results are summarized in Table 5 . 
Assumptions and Input Data for Analysis
For this analysis, the following input data were used. It is assumed that the installed cost of fixed-tilt roof-mounted systems will be $6/W, and fixed-tilt ground-mounted systems will be $5/W. These prices include the PV array and the balance of system components for each system, including the inverter, electrical equipment, and installation. The economics of grid-tied PV depend on incentives, the cost of electricity, and the solar resource including panel tilt and orientation. For this analysis, it was assumed that the cost of electricity was $0.08/kWh.
A system DC to AC conversion of 77% was assumed. This includes losses in the inverter, wire losses, PV module losses, and losses due to temperature effects. Figure 10 summarizes average system installation costs for grid-tied U.S. PV systems in 2008; however, the costs have dropped significantly since 2008. PVWATTS was used to calculate energy performance. It is assumed for this analysis that federal incentives are received. It is important to find state incentives or grants to make PV cost effective. A private, tax-paying entity that owns PV systems can qualify for a 30% federal business energy investment tax credit (ITC) and accelerated depreciation on the PV system, which are worth about 15%. The total potential tax benefits to the tax-paying entity are about 45% of the system cost. Because the city government does not pay taxes, private ownership of the PV system would be required to capture tax incentives.
Incentives and Financing Opportunities
The Database for State Incentives for Renewable Energy (DSIRE) provides a summary of net metering, interconnection rules, and incentives available to Florida utility customers 8 Renewable energy systems, including commercial solar PV, are subject to interconnection rules promulgated at the state level. In Florida, the limit is currently set at 2 MW, but this may be negotiable, depending on how flexible the utility is. The utility would need to be contacted directly to determine what they are willing to do. Florida does not currently have a statewide Renewable Portfolio Standard (RPS).
. The power from this system could be sold to either Progress Energy or the City of Tallahassee.
There are currently no incentives offered by Wakulla County, Florida, or by the nearby utilities. Incentives greatly affect the economics of a system, and the current lack of incentives in Florida will have a large impact on the feasibility of a system at this site. The federal incentive can be captured if the system is owned by a tax-paying entity.
The system facilitator could potentially pursue an agreement with either the City of Tallahassee or Progress Energy that would negotiate a higher price for the electricity produced by the potential system. Any power that is produced by a solar PV system would be a great opportunity for utilities to get a jump on diversifying their energy mix with clean energy. It has been demonstrated across the country that people are willing to pay a premium for certified clean energy 9 There are a couple of options for getting a solar PV system financed. At a site like St. Marks, when the land has been turned over to the city, securing financing is one of the most important parts of the process. A typical financing option is third party ownership; however, this type of agreement is prohibited in the State of Florida. Florida law specifically states that the entity that owns the system must use the power. This eliminates most of the options for a commercial size PV system. In order for the system to feed power to the power company, the power company needs to be the owner of the system. In this configuration, the land that the solar system is on would need to be leased to the utility for the duration of the system life. The city would retain the ownership of the land and lease it to the power company while the power company owns the system. Another option is to attract a business to the site in order to use the power that is generated on site. This would require the business to own the system, and there may be difficulties trying to set up this sort of configuration.
, and the utilities could potentially start a pilot program with energy from this site.
Job Creation
The implementation of this project would represent a large amount of money entering the clean energy industry of the United States. The Council of Economic Advisors (CEA) calculated the number of jobs created due to federal spending using economic models developed with real world data. CEA found that $92,000 in federal spending is equivalent to one job-year. This means that for every $92,000 of federal money that is spent, there is a job created that can be sustained for one year. See Table 6 for an estimate of job creation by system type if both sites studied at St. Marks were used for solar PV. This project represents a large amount of money that would create a significant number of jobs. A portion of these jobs, including the installation and system maintenance jobs, will be created within the community. The jobs created column refers to the number of job-years that would be created as a result of the one-time project capital investment. This means that the jobs will be created and sustained for one year. The jobs sustained column refers to the number of jobs that would be sustained as a result of the O&M of the system. These jobs will be sustained for the life of the system, due to the annual cost to keep the system operating. 
Conclusions and Recommendations
The sites considered for a solar PV system in this report are promising areas in which to implement a solar system. The availability of land that cannot be used for other purposes represents an area that minimizes the environmental impact of a solar generation plant and allows for the reuse of land that would otherwise make little to no contribution to productivity in the City of St. Marks. It is recommended that the site facilitator contact Progress Energy and the City of Tallahassee Utility to attempt to set up an agreement to sell the electricity generated at the site. According to the site production calculations, the most cost-effective system in terms of return on investment is the fixed-tilt thin film technology. The lower cost of the system combined with the cheap land available on the site makes a thin film system a good fit for this site. Thin film technology is a proven technology that can be successfully implemented with a traditional or ballasted-style mounting system. The other two system styles could also be implemented, but the increased cost of the crystalline silicon panels may extend the payback period. When the system goes out to bid, a design-build contract should be issued requesting the best performance (kWh/year) at the best price. The vendor should optimize system configuration including tilt. If the site can be modified by removing the storage tanks and lowering the water level, the feasibility of a PV system can be greatly improved. All payback calculations assumed a 30% federal tax credit would be captured for the system.
Installing solar facilities on contaminated land can reduce pressure on greenfields for installing these facilities. In addition, developing solar facilities on contaminated land can provide an economically viable reuse option for sites with significant cleanup costs or sites that local economic conditions prohibit traditional reuse. This is the case with St. Marks. The site has existing transmission capacity, roads, industrial zoning, and all other critical infrastructure in place for this renewable energy project. This site is an ideal candidate to help the United States further its goal of increasing clean energy use and reducing environmental impact. a The calculations address the PV system in the event that the site can only be partially drained. The calculations reflect the land required to facilitate a 2 MW crystalline silicon PV system. This system configuration would allow for a water holding area to prevent contaminated water runoff and allow for the rest of the site to be utilized by a solar system. b The calculations assume that the 30% federal tax credit is secured.
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Appendix A. Assumptions for Calculations
The following image shows the elevation of the site, outlining the locations where the containment berms were installed and showing the location of the permanently capped areas. The areas with the permanent caps in place would need to implement a ballasted-style mounting system in order to avoid disturbing the cap that is in place. The programs included in Table B -3 are ongoing rebate and grant programs administered by state agencies or by third-party organizations on behalf of state governments. In addition to the programs highlighted in Table B 
